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TEST STRUCTURE AND METHOD FOR DETERMINING A MINIMUM 
TUNNEL OPENING SIZE IN A NON-VOLATILE MEMORY CELL 

TECHNICAL FIELD 

5 The invention relates to non-volatile memory and, more particularly, to a test structure 

and method for determining the minimum tunnel opening size and defect density in non-volatile 
memory cells. 

BACKGROUND 

jl| " Non-volatile memory devices, such as EPROM, EEPROM, and Flash EEPROM, store 

\% data even after power is turned off. One common application of EEPROMs is in programmable 

; i f ii 

kil logic devices (PLDs). PLDs are standard semiconductor components purchased by systems 

S manufacturers in a "blank" state that can be custom configured into a virtually unlimited number 

iis 

*f* of specific logic functions. PLDs provide system designers with the ability to quickly create 

if § custom logic functions to provide product differentiation without sacrificing rapid time to 

k market. PLDs may be reprogrammable, meaning that the logic configuration can be modified 

[ [* after the initial programming. 

The manufacturing of PLDs has moved progressively toward defining smaller device 
features, characterized by the channel length of transistors. As feature sizes shrink, the 

20 conventional EEPROM structure has given way to different cell designs and array architectures, 
all intended to increase density and reliability in the resulting circuit. In most cases, cell 
designers strive for designs which are reliable, scalable, cost effective to manufacture and able to 
operate at lower power, in order for manufacturers to compete in the semiconductor industry. 
Typically, in programmable logic EEPROM devices, in order to store a logical zero, 

25 electrons are injected onto a floating gate of a transistor to provide a negative voltage on the 
floating gate, thus increasing the control gate threshold voltage needed to turn on the transistor. 
This is done by causing electrons to tunnel through a tunnel oxide layer, or "tunnel opening," to 
the floating gate. Conversely, to store a logical one, the floating gate is discharged and the 
threshold voltage is decreased by causing electrons on the floating gate to tunnel through the 

30 tunnel opening in the opposite direction. 
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One example of a commercially successful EEPROM structure for programmable logic 
applications is shown in U.S. Pat. No. 4,924,278 (hereinafter "the '278 patent"), issued to Stewart 
Logie on May 8, 1990 and assigned to Advanced Micro Devices, Inc., Sunnyvale, California. 
FIGS. 1 and 2 show a schematic diagram and a cross-section, respectively, of one 
5 embodiment of the EEPROM structure shown in the r 278 patent. The EEPROM structure uses a 
single layer of polycrystalline silicon and a control gate formed in the silicon substrate to 
eliminate the need to form a separate control gate and floating gate in layers of poly silicon. The 
EEPROM structure is made up of three separate NMOS transistors: a write transistor, a read 
\ P i . transistor, and a sense transistor. In order to "program" the floating gate of the sense transistor, a 
net positive charge is placed on the gate by causing free electrons from the floating gate to tunnel 
m 4 into the source region of the write transistor through the tunnel opening. Likewise, to erase the 
J% floating gate, the floating gate is given a net negative charge by causing electrons to tunnel from 

the source region onto the floating gate through the tunnel opening. 
.4 FIG. 2 shows a standard EEPROM memory cell 10. A P-type substrate 5 has N+ type 

jjj regions formed on and below its surface by standard diffusion techniques. These N+ type regions 
1 3 correspond to the source and drain regions of the three transistors that make up the EEPROM 
ft; memory circuit. Write transistor 20 comprises drain 22, source 24, channel region 25, gate oxide 
layer 27 and control gate 28. Sense transistor 30 comprises drain 32, source 34, channel region 
35, gate oxide layer 37, and N-type polycrystalline silicon (poly-Si) floating gate 38. Read 
20 transistor 40 comprises drain 41, source 32, which is also the drain of sense transistor 30, 
channel region 45, gate oxide layer 47, and control gate 48. Poly-Si floating gate 38 is 
capacitively coupled to source 34 of sense transistor 30, via gate oxide layer 37 (approximately 
300 .ANG. in thickness), and capacitively coupled to source 24 of write transistor 20 via tunnel 
oxide layer 55 (approximately 90 .ANG. in thickness). Poly-Si floating gate 38 also extends over 
, 25 channel region 35 of sense transistor 30 so that when a sufficient positive charge is on poly-Si 
floating gate 38, channel 35 will invert and conduct current between source 34 and drain 32 of 
sense transistor 30. Field oxide layer 57 insulates floating gate 38 from the underlying substrate 5 
separating sense transistor 30 and write transistor 20. 
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Operation of the memory cell 10 will be described with reference to FIGS. 1 and 2. In 
FIG. 1 word line WL is connected to control gates 28 and 48 of write transistor 20 and read 
transistor 40, respectively. Tunnel oxide layer 55 (the tunnel opening) is represented by capacitor 
C t while gate oxide layer 37 between source 34 of sense transistor 30 and poly-Si floating gate 
5 38 is represented by capacitor C g . Drain and source contacts are represented by D and S, 
respectively. 

The three operations of the memory circuit are write, erase, and read. The various 
voltages applied to the circuit of FIG. 3 are shown in Table L 

%' TABLE 1 
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N When N type poly-Si floating gate 38 is written upon, or programmed, floating gate 38 is 

||J3 given a positive charge by removing free electrons from floating gate 38. To accomplish this, 
first, a high programming voltage V pp is applied to word line WL, which turns on write and read 

$£ transistors 20 and 40. By turning on transistor 20, a write signal applied to drain 22 of write 

transistor 20 is coupled to source 24. Similarly, when transistor 40 is on, a read signal applied to 
drain 41 of read transistor 40 is coupled to source 32 of read transistor 40. Next, in order to 
program sense transistor 30, high programming voltage V pp is applied to drain 22 of write 
transistor 20, while source 34 of sense transistor 30, as well as drain 41 of read transistor 40 and 

20 substrate 5, are grounded. Because source 24 of write transistor 20 is at a high voltage and 
source 34 of sense transistor 30 is grounded, voltage is capacitively coupled to poly-Si floating 
gate 38 due to the electric field created between source 24 and source 34 through gate oxide 
layer 37 and tunnel oxide layer 55. 

Because the capacitance between source 24 and floating gate 38 across tunnel oxide layer 

25 55 is very small (on the order of 0.004 pF), and the capacitance between source 34 and floating 
gate 38 across gate oxide layer 37 is about ten times greater, a large percentage (on the order of 
90%) of the voltage difference between source 24 and source 34 (i.e., V pp ) appears between 
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source 24 and floating gate 38 across tunnel oxide layer 55. This voltage is sufficient to cause 
electron tunneling from floating gate 38 to source 24 of write transistor 20 through tunnel oxide 
layer 55, resulting in a net positive charge on floating gate 38. The positive charge is sufficient to 
turn on sense transistor 30 because floating gate 38 extends over channel region 35 of sense 
5 transistor 30. This indicates a logical 1 since current can flow through sense transistor 30 during 
a read operation. 

To erase floating gate 38, high programming voltage V pp is applied to word line WL as 
well as source 34 of sense transistor 30 and drain 41 of read transistor 40, while drain 22 of write 
ji& transistor 20 and substrate 5 are grounded. In this biasing arrangement, the high voltage at 
.1$ a source 34 of sense transistor 30 is capacitively coupled to floating gate 38 and almost all of high 
m programming voltage V pp appears across tunnel oxide layer 55 between floating gate 38 and 
ijn grounded source 24. This causes electrons from source 24 to tunnel through tunnel oxide layer 
n % 55, resulting in a net negative charge on floating gate 38. Thus, channel 35 of sense transistor 30 
ii is not inverted and sense transistor 30 is shut off. 

il| The size (i.e., area) of the tunnel opening is obviously important to ensure proper 

Ji|5. operation of the memory cell 10. However, the size of the tunnel opening is also an important 

fifj factor in the determining the overall size of the memory cell. If the tunnel opening size can be 

reduced while maintaining low defects and proper operation, then the overall memory cell can 

also be reduced. Reducing the size of a memory cell adds up to significant savings in chip real 
20 estate when multiplied by the millions of memory cells in a PLD. 

FIG. 3 shows a graph of a curve representing yield versus tunnel opening size. A target 

point (shown at 60) is considered an ideal yield-versus-size tradeoff. As can be seen, the yield 

drops off significantly below the target point 60 as the tunnel opening size is further reduced. 

This drop off in yield is caused by limitations in non-linear optical systems used during 
25 fabrication. Conversely, tunnel opening sizes larger than the target point unnecessarily increase 

memory cell size without a corresponding increase in yield. 

Unfortunately, there is no simple technique for determining the target point 60 of FIG. 3. 

For example, there is no standardized techniques for determining the smallest tunnel opening 



-4- 



RFS:avs:vjg ii/02/oi 6557-59043 Express Mail No. EL828140680US 

Date of Deposit: November 2, 2001 

size in a memory cell for a given technology and no standardized techniques for determining the 
defect density for a given tunnel opening size. 

SUMMARY 

The invention is a test structure for determining the smallest acceptable tunnel opening 
size in a non- volatile memory cell Additionally, defect density for one or more tunnel opening 
sizes may also be determined. As a result of using the test structure, smaller memory cells can 
be designed with knowledge that yield will be within acceptable limits. 

In one aspect, the test structure has continuous strips of active area that are used to form a 
"control" path, a "read" path, and a "write" path. A dielectric layer is formed over the active 
strips. A one-dimensional array containing a number (N) of same-sized tunnel openings is 
formed on the write path. A layer of poly silicon is deposited over the dielectric and patterned 
into strips that are perpendicular to the active strips. The poly silicon strips are aligned with the 
tunnel openings and form a floating gate and sense device, which is capacitively coupled to 
external probe pads through the common "control" path. 

In another aspect, the test structure may have a series of write paths wherein each write 
path has a one-dimensional array of "N" same-size tunnel openings. The first write path 
typically includes an array of tunnel openings with a relatively large size, with each additional 
write path containing an array of tunnel openings of incrementally descending size. 

Whether there is one or multiple write paths, the test structure allows bulk (all N gates 
simultaneously) programming or erasing of any one-dimensional array of a tunnel opening size. 
For the embodiment with multiple write paths, the bulk programming and erasing of a tunnel 
opening size is independent of all other sizes through appropriate biasing of one write path with 
respect to all other write paths. Using the bulk programming and erasing, the tunnel opening 
sizes are tested in series one at a time. If any one of the tunnel openings in a one-dimensional 
array is closed (dielectric too thick in window), the read path will not conduct and the particular 
size associated with the one-dimensional array will fail. 
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In another aspect, the read path may be modified so that individual cells or groups of 
cells associated with a one-dimensional array can be analyzed for failure. By analyzing 
individual or groups of cells, a more accurate estimate of the defect density can be obtained. 

In yet another aspect, the test structure may be applied to "stick cells" where the poly 
silicon size varies to ensure that the tunnel openings are larger than the poly silicon. 

These and other aspects of the invention will become apparent from the following 
detailed description, which makes references to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of a prior art EEPROM cell used in a programmable logic 

device. 

FIG. 2 is a cross-sectional view of the EEPROM cell shown in FIG. 1. 
FIG. 3 is a graph showing yield versus tunnel opening size. 

FIG. 4 shows a test structure in accordance with the invention with a single write path 
having a one-dimensional array of same size tunnel openings. 

FIG. 5 is a flowchart of a method for testing a tunnel opening size using a test structure, 
such as the test structure of FIG. 4. 

FIG. 6 shows another embodiment of a test structure having an NxM array of tunnel 
openings. 

FIG. 7 is a cross-sectional view of the test structure as seen through lines 7-7 of FIG. 6. 

FIG. 8 is a cross-sectional view of the test structure as seen through lines 8-8 of FIG. 6. 

FIG. 9 is a flowchart of a method for testing an NxM array of tunnel opening sizes, such 
as shown in the test structure of FIG. 6. 

FIG. 10 shows yet another embodiment of a test structure having "stick cell" type 
memory cells. 



DETAILED DESCRIPTION 

FIG. 4 shows a test circuit or structure 70 for testing whether a tunnel opening of a given 
size has an acceptable defect density. A plurality of continuous strips 72 are aligned in parallel 
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and form a control path 74, a write path 76, and a read path 78. A dielectric (not shown) or oxide 
layer is formed over the continuous strips. A one-dimensional array or column of N same size 
tunnel openings 80 are formed in the write path 76, where N can be any number. A layer of poly 
silicon is deposited over the dielectric and patterned into strips 82 that are perpendicular to the 
5 continuous strips 72. Each strip 82 of poly silicon forms a floating gate (designated as F.G. #1- 
F.G. #N) and a sense device, such as sense device 84, that are associated with the tunnel 
openings 80. The floating gates 82 overlap with the write path 76 at an area of intersection. 
There is one tunnel opening within each area of intersection. 

Typically, the test structure 70 is located on a test wafer (not shown), but it may also be 
i|f used on a product wafer. External probe pads (not shown) on the wafer are used to apply 
T| appropriate voltage levels to the control, write, and read paths, as further described below. 
*U The test structure 70 allows for bulk programming or erasing of the floating gates 1 

[3 through N. When the floating gates 82 are bulk erased, the control line 74 is placed at a potential 
V pp and the write path 76 is grounded. These voltage levels on the control path 74 and write path 
m 76 draw electrons onto each of the floating gates 1 through N in parallel and simultaneously. To 
perform a bulk program, a voltage V pp is placed on the write path 76 while the control path 74 is 
;,!f grounded. These voltage levels draw electrons off of each of the floating gates 82 in parallel and 
M simultaneously leaving a net positive charge on the floating gates. Thus, the write path is 

electrically coupled to the floating gates through the tunnel openings. 
20 As further described below, the read path 78 includes an FET for each floating gate. The 

FETs in the read path 78 are coupled in series, such that if one of the FETs is not activated then 
the entire read path is not conducting. During testing, one end of the read path 78 may be 
coupled to a predetermined voltage level, such as 0.1V, and the other end of the read path is 
grounded to detect whether all of the FETs are activated when the floating gates 1 through N are 
25 programmed. Additionally, the control path 74 is biased to a predetermined voltage. If any one 
of the tunnel openings 80 is defective, then the sense device associated with that defective tunnel 
opening will not conduct resulting in a failure. 

The read path 78 may also be divided into smaller groups of sense devices (e.g., 2, 3, 
4. . .) or the sense devices may be read on an individual basis. Reading the sense devices 
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individually or in smaller groups provides more accurate defect density data, but also requires 
more hardware and external pads to test the structure 70. How the sense devices are read 
depends on the particular application and may vary. 

FIG. 5 shows a flowchart 100 of a method for testing tunnel openings, such as the tunnel 
5 openings 80 in the test structure 70 of FIG. 4. In process block 102, the parallel floating gates 82 
are charged to a predetermined potential (i.e., bulk erase). This bulk erase is accomplished by 
having a voltage V pp on the control path 74 and the write path 76 grounded, thereby drawing 
electrons onto the floating gates 82 in parallel. In process block 104, the read path 78 is read or 
14 checked to ensure that it is OFF. That is, each properly operating sense device in the read path 
-10 78 is turned OFF with its corresponding floating gate negatively charged. The control path is 
}M a biased to a predetermined voltage. To check or read the read path, one end of the read path 78 is 
Q biased to a predetermined voltage level and the opposing end of the read path is grounded to 
"'% determine whether the read path is ON or OFF (floating). If any one of the sense devices is OFF, 
then the entire read path is not conducting and the read of the predetermined voltage level at one 
jj£ end of the read path fails. In this case, all of the floating gates 82 should be negatively charged 
1% thereby turning OFF their respective sense devices 84. 

m In process block 1 06, a bulk program is performed by removing charge from the floating 

gates 82 resulting in a net positive charge on the floating gates. This bulk program is 
accomplished by having a voltage V pp on the write line 76 with the control line 74 grounded. 

20 With these voltage levels on the control and write lines, electrons are removed from the floating 
gates. As a result, the sense devices, such as sense device 84, is turned ON or is activated. In 
process block 108, a read is again performed on the read path 78. If all of the sense devices are 
properly operating, they are activated and the entire read path 78 is conducting. A read at one 
end of the read path 78 will then detect certain current flow in the read path. 

25 Thus, using the test structure 70 of FIG. 4, a determination can be made whether the size 

of the tunnel opening in the one-dimensional array is large enough that a sufficient number of the 
floating gates can be properly programmed and erased. If any one of the N tunnel openings is 
defective, the read path will not conduct and a failure will be indicated. 
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If more elaborate detection means are used to read smaller groups of the sense devices or 
individual sense devices, a more accurate defect density can be obtained. The defect density can 
be defined for a given tunnel opening size in terms of the percentage of failed sense devices. A 
tunnel opening size is sufficiently large if the defect density satisfies a predetermined minimum 
5 requirement to be decided based on the particular application. 

FIG. 6 shows a test structure 120 similar to that of FIG. 4, but with M write paths 122 
positioned in parallel, where M can be any desired number. Each of the write paths is a 
continuous strip of active area to allow bulk programming and erasing of floating gates in the test 
structure. The test structure 120 also includes continuous strips of active area forming a control 
path 124, to control the programming and erasure of the floating gates, and a read path 126 to 
I jj- read whether the floating gates are properly programmed or erased. A dielectric layer (not 
|f shown) is formed over the active strips. In each of the write paths 122, a one-dimensional array 
Q or column of N same size tunnel openings is formed. Thus, each of these tunnel opening sizes in 

a one-dimensional array are designed to be geometrically equivalent in size. Because there are 
fft M write paths, the test structure 120 has a two-dimensional array NxM of tunnel openings. The 
Q write paths have different tunnel opening sizes. For example, write path 1 has the smallest 

tunnel opening size, write path 2 has a slightly larger tunnel opening, and each successive write 

.-• ' i 

'f 1 * path has an incrementally larger tunnel opening size ending with the largest tunnel opening size 
in write path M. 

20 A layer of poly silicon is deposited over the dielectric and patterned into strips, which are 

perpendicular to the active strips such that one strip of poly silicon is aligned to a set of tunnel 
openings containing varying sizes. The strips of poly silicon form floating gates, shown 
generally at 128, such that N floating gates are aligned in parallel. Each floating gate is aligned 
over the read path 126, to form a sense device, such as sense device 130. 

25 The larger tunnel openings are shown genetically by larger geometric shapes. For 

example, tunnel opening 134 is shown as larger than tunnel opening 136. Although the array of 
tunnel openings are shown as continuously growing in size from left to right, this pattern can 
easily be varied. For example, multiple write paths can have geometrically equivalent tunnel 
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opening sizes. Also, the tunnel opening sizes can be varied, such as alternating between larger 
and smaller. 

FIG. 7 shows a cross-sectional view of the test structure 120 as seen through line 7-7 of 
FIG. 6. The test structure 120 includes the multiple write paths 122, including write paths 1 
5 through M The control path 124 and read path 126 are positioned on opposing sides of the write 
paths 122. The control path 124, write path 122, and read path 126, all have an active area, or 
diffusion area 144. A dielectric or oxide layer 146 is formed over the active areas 144. A layer 
of poly silicon 148 is deposited over the oxide layer 146 to form the floating gate (labeled in 
FIG. 6 as F.G.#N). Insulation 150 is positioned between the active areas to electrically isolate 
%Q the active areas from each other. The insulation may be a shallow trench isolation, or a field 
Wl oxide isolation. Using optical instrumentation, a tunnel opening or window is formed in each of 
g the write paths as shown at 152, 154, and 156. As can readily be seen from FIG. 7, the tunnel 
% opening 152 is the smallest tunnel opening, and the tunnel openings become progressively larger 
* until the largest tunnel opening 156. Those skilled in the art will readily understand that 
;1J different size tunnel openings can be organized in the test structure 120 in any desired fashion. 
M For example, instead of getting progressively larger, the tunnel openings can be progressively 

iy 

C;vJ smaller. Additionally, any number of tunnel openings can be the same size and the tunnel 

openings can vary in size in any desired pattern. 

The tunnel openings have a thinner oxide layer, so that under proper voltage levels, 
20 electrons from the poly silicon 148 can pass through the oxide layer 146 to and from the poly 

silicon floating gate 148. Notably, the control path 124 and the read path 126 do not have such 

tunnel openings. 

FIG. 8 shows a cross-sectional view of the read path 126 as seen through the line 8-8 in 
FIG. 6. The active area 144 of the read path 126 is a P-type substrate, having a series of N+ 
25 diffusions 172 on opposite sides of the floating gates 128. Thus, the read path 126 forms a series 
of FETs that are ON or OFF, depending on the charge on the floating gate and voltage on the 
control path. If the floating gate is negatively charged, then the FET is OFF and no current can 
flow through read path 126. Conversely, if all of the floating gates are programmed such that net 
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positive charge is placed on the floating gates, then each of the FETs will be activated and 
current can flow through the read path. 

FIG. 9 shows a flowchart 180 of a method for testing the test structure 120 of FIGs. 6-8. 
One goal of the method is to test each of the write paths 122 individually. As a result, each one- 
5 dimensional array of tunnel openings associated with a write path is tested simultaneously (i.e., 
in parallel). The write path with the largest tunnel openings (i.e., write path M) is tested first to 
ensure the test structure is operating properly (the largest tunnel opening is selected such that it 
should always pass.) After that, each of the write paths are tested individually and with smaller 
N and smaller tunnel opening sizes until there is a failure. 

|| " In process block 1 82, the wafer containing the test structure 120 is programmed using an 

ultra-violet light source. By performing the ultra-violet program, electrons are removed from the 
floating gates 128 of the test structure. In process block 184, a bulk program is performed to 

£ further ensure that the electrons are removed from the floating gates. To accomplish the bulk 
program, the voltage levels on the write paths 122 are set to V pp and the control line 124 is 

\U grounded. As a result, any electrons that are on the floating gates 128 pass through the tunnel 
openings (such as tunnel openings 152, 154, 156 of FIG. 7). In process block 186, the read path 

|*3 126 is checked to ensure that the read path is ON. Specifically, with reference to FIG. 8, with 
each of the floating gates 128 being programmed, the FETs within the read path 126 are all 
activated or ON thereby allowing current to flow through the read path. One end of the read path 

20 has a predetermined voltage on it, such as 0.1 V, and the other end of the read path is grounded to 
detect whether current can flow through the read path. In process block 188, a bulk erase is 
performed that places electrons on the floating gates. The bulk erase is performed by setting all 
of the write paths 122 to ground and the control path 124 to V pp . As a result of these voltage 
levels, electrons pass from the write path 122 through the tunnel openings (e.g., 152, 154, 156) 

25 and on to the floating gates 128. In process block 190, the read path 126 is checked to ensure 
that the read path is OFF. That is, with electrons on the floating gates 128, each of the FETs in 
the read path should be OFF. In process block 192, a single write path or column is programmed 
to remove electrons from the floating gates. The column that is programmed is a current column 
being tested. The test starts with the largest tunnel opening size on the write path M, to ensure 



-11- 



RFS:avs:vjg 11/02/01 6557-59043 Express Mail No. EL828140680US 

Date of Deposit: November 2, 2001 

that the test procedure is set up properly since this tunnel opening is made large enough that any 
failures are likely attributable to the test set-up itself. To perform the column program, all the 
unselected write lines are tied to the control line 124 or to some intermediate voltage level The 
control path 124 is grounded while the currently selected write path (in this case write path M) is 
5 set to V pp . By setting the voltage levels in this way, only the currently selected write path is used 
to remove the electrons from the floating gates. In process block 194, the read path is again 
checked to ensure that the read path is ON and conducting current. In decision block 196, a 
check is made whether the last column has been tested. If all the columns have been tested, the 
m procedure ends at process block 198. Otherwise, the next column to be tested is selected 
If) 4 (process block 200) and another iteration of the procedure starts over again as shown by arrow 
; di I 202. A single column erase may also be done to ensure that the electrons flow through the 
i J tunnel openings in both directions. Smaller and smaller tunnel openings are tested until there is a 
% failure. Thus, the smallest tunnel size previous to the failure should be the target point 60 from 
FIG. 3. 

j$5 FIG. 10 shows a similar structure to that of FIG. 6, but for a stick cell type structure 210. 

As in FIG. 6, the structure includes multiple write paths 212, a read path 214, and a control path 

Q 216. In the stick cell structure 210, it is desirable to have the tunnel opening slightly larger than 
the floating gates. As a result, the floating gates 218 are staircased so that the poly silicon gate is 
at its thinnest on write path M and at its thickest on the control path 216. Thus, the stick cell 

20 configuration differs from the "stop-sign" configuration of FIG. 6, in that in the stick cell the 
tunnel opening overlaps both floating gate and the active edges. This leads to a tunnel window 
with a field edge (or STI edge for shallow trench isolation) and a poly-edge. The common 
floating gate shared by the different write paths is graduated in such a way that the tunnel 
openings overlap (for the poly-edge of the floating gate and the active edge of the write path) 

25 remains constant by the topographical design rules for the process. In contrast, in the stop sign 
cell, the tunnel windows overlapped the poly silicon of the floating gate. In other respects, the 
stick cell can be tested similar to that already described in reference to the stop sign cells. 
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Having illustrated and described the principles of the illustrated embodiments, it will be 
apparent to those skilled in the art that the embodiments can be modified in arrangement and 
detail without departing from such principles. 

Those skilled in the art will recognize that any desired tunnel size openings may be used. 
Example tunnel size openings include 0.3, 0.35, 0.4, 0.45, 0.5, 0.55, 0.6 urn for 0.25 micron 
technology. 

In view of the many possible embodiments, it will be recognized that the illustrated 
embodiments include only examples of the invention and should not be taken as a limitation on 
the scope of the invention. Rather, the invention is defined by the following claims. We therefore 
claim as the invention all such embodiments that come within the scope of these claims. 
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